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@ An ashing method for removing an organic film on a substance of a semiconductor device under 
fabrication. . 
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(g) Plasma ashing methods, each for removing a 
resist material (10) formed on a ground layer (9) of a 
semiconductor device (8) under fabrication* are per- 
formed t}y using three kinds of reactant gases each 
composed of three different gases. The plasma as- 
hing is performed: In an ashing rate of 0.5 um/min at 
160*C and with activation energy of 0.4 eV when a 
reactant gas composed of oxygen, water vapor and 
nitrogen is used; tn an ashing rate ol 0.5 um/min at 
140'C, with activation energy of 0.38 eV and without 
etching the ground layer (9) when a reactant gas 
composed of oxygen, water vapor and 
tetrafluoromethane is used: and In an ashirtg rate of 
0.5 usNmn at 140 "C, with activation energy of 0.4 
eV when a reac^t gas composed of oxygen, hy- 
drogen and nitrogen is used. 
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BACKGROUND OF THE IWENTION 
(1) Field of The rrtvention 

TTie present invention relates to a removing 5 
nnethod of an organic material used m ia semicon- 
ductor d$vice» and particularty the present inven- 
tion relates to an ashing method of an organic film- 
terhporariiy fomrted on a substance of a semicon- 
ductor device under fabrication. 'o 

An organic film such as a resist or a polyimide , 
film temporarily formed on a substance, which is a 
part of a semiconductor cfevice, for fabricating the 
semiconductor device was usually removed by an 
ashing method using oxygen plasma. Removing is 
the resist film is an importa(it process in fat>rication . 
of the semiconductor device, removing the resist 
film as an organic fUm will be (fescribed, . 
hereinafter. Since the semiconductor device be- 
bomes very small as a Large Scale Integration 20 
circuit device (LS\) or a Very Large Scale inte- 
grated circuit device (VLSI), the resist film, which 
will be called simply the "resist** hweinafter, be- 
comes hard to t>e removed by the usual ashing 
metiuxi usir^ the oxygen piasma without damaging 25 
tfie devices. Because, the property of the. resist is 
changed during the process of ion implantation and 
dry etching, wfUch are widely performed. In the 
fabricating process of the LSI or the VLSI, so that a 
long time is required for performing ashing, in other 30 
words, the ashing rate of the resist becomes small. 
Since the resist Is used many times in the fabrica- 
tion process of the LSI or the VLSI, the ashing rate 
for each nssist should be lar^ to Improve the 
throughput of the febrlcalion of the LSI or the VLSI* ss 

A layer, called simply a "ground layer" . 
her^nafter and the resist is formed thereon, is 
usually, made of nnaterlal such as silicon dioxide 
(S102), polysilicon (Si) or aluminum (Al). Generally, 
the resist is not easy to be etched Intentionally by 40 
the the. ashing method, In other words, the resist Is 
hard to be etched precisely so as to be removed 
only the resist without damaging any of the ground . 
layer in the ashing process. Therefore, when the 
ashing method is applied to the febricating process 4S 
of the LSI or. the VLSI, great attention must be paid 
to leave *e ground layer as it is. Because, the 
grourtd layer of the LSI or the VLSI is very thin and 
any Tittle part of it is not allowed to be etched. 

There are many kinds of plasma ashing meth- so 
ods for removing the resist film provided on 9 
insulating layer in a semiconductor device, however 
above all a down-flow ashing method is widely 
used. Because, applying the down-flow ashing 
method to the piasma ashing process, damage as 
caused by charged particles can be avoided pro- 
ducing. The down stream ashing rate generally 
depends on a temperature, which will be called an 



"ashing temperature" hereinafter, of the resist so 
that the ashbg rate decreases with the decrea^ of 
the ashing temperature. The ashing rate is usu^ 
expressed by the well known Antieitii^ 
yfhich the ashing rates are plotted In a Phe agamst 
the inverse mimbers of the respective ashirtg tem- 
peratures. In the Anrhenius plot, the gradient of the 
line gives the activation energy for astiing in such 
that when the ashing rate decreases rapidly with 
the decrease of the ashing temperature, the actlvah. 
b'on enetrgy is large, and when the ashing rate 
changes only little with tfie decrease of the asfiing 
temperature, the activation energy is smaH.' On .this, 
ttte small activation energy is desiratrie because 
the ashing can t^e performed ainnost independently 
on the ashing temperature, Iri other words, tt» 
ashing can be performed in stable and precisely.. 

Recently, there Is a tendency that a w^fer 
process In iha fabrlcatk>n process of a st^mi^n- 
ductor device Is perfbrmed at a lower tempere|^re 
according as the serhiconductor device has a t^h-' 
er integration circuit as seen in the LSI or the V^l. 
The ashing process is desired to be performed 
lower than 300 •C, most preferat^ tower ttian 
200*C to. avoid contamination from the resist! In 
order to maintain a large ashing rate at ajtow 
temperature, larger than 0.5 u /min for praclicar 
use, the activatibn energy of the ashing , rate nfmst 
be also small. The activation energy of the asfiing 
rate can be changed to some extent by changing 
tt^ species of reactant gases used for ashing. The 
selectson and the combination of the reactant gases 
are very Important for making tiie astnng rate f^h 
and the activation energy, srnail and for etching ttie 
resist precisely, leaving the ground layer as per- 
fectiy as possible and for minimizing damage. ..The 
selection and the combination of the recctant g^sas 
has been studied energetically.* . ' 

(2) Descflpti6n of The Related Art 

The downstream ashing is penormed In a 
downstream of a microwave plasma urJng a micro- 
wave plasima resist stripper. This is fully disclosed 
In the paper titied "Heavy Metal Contaimination 
Fn3m Resists duHng Plasma Stripping" by Shuzo 
Fujimura and Hiroshi Yano, in Elect Chem. Soc. 
Vol. 135. No. 5. May 1988. . 

The downstream of a microwave !asma resist 
stripper consfsts of a Vacuum chamter including a 
plasma generating diannber, a vacuum pump for 
exhaustlr>g gas in the vacuum chamber, a process 
chamber Including a pedestal on whk:h .a sampje 
wafer is placed , and a microwave power . source. A 
reactant gas is supplied, to the process chamt>er 
through the plasma generating chamber. 

Then, a reactant gas plasma Is generated In 
the plasma generating chamber by tiie micro- 
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waves, so- that active species for ashing produced 
in the gas piasrna flows down to the process cham- 
ber and reacts wfth a resist preWousiy fonmed oh 
the sample wafer so as to remove the resist . . 

In the down stream ashing process, oxygen 
. has been used as the reactant gas for a tong time 
as described before. However, when only oxygen 
is used, tfie ashing rate is small and the activation 
energy Is large, so that the down stream ashing 
using only oxygen was hard to be applied to the 
fabricating process of the LSI or the VLSI. There- 
fore» many other reactant gases have been studied 
for Increasing the ashing rate and. decreasing the 
activation energy, by adding other kinds of gases 
to the oxygen. As a result, several kinds of effec- 
tive reactant gases have been found as will be 
described below, gh^ing four examples, a first a 
second, a third and a fourth examples, tracing the 
development of the reactant gases. The ashing rata . 
arid the activation energy are related to removing 
tiw resist film provided in a somioonductDr device 
by plasma ashing method, hereinafter. 

A first reactant gas was a mixed gas of oxygen 
(O2) witti a halogenide gas such as 
• tatrafluoromethane (CF«): Tbe first reactant gas 
was most commonly used because it had a large 
aching rate. Rg. 1 shows the ashing rate for com- 
mercially available photore8tsl(OFPR-800. TOKYC> 
OHKA) plotted ag^nst the variation of flow ratio of 
tetranuoromettmne to the mixed gas at room tem- 
perature. The ashing rate in tfie case using a 
reactant gas is simply called the ashing rate with 
the reactant gas. hereinafter. In Rg. l, when 
tetrafluorometlYane is added to oxygen as rnuch as 
about 15% In the flow ratio, the ashing rate reaches 
a maximum value, 1.5 Um/min at 25* 0, being 
large enough for practical use. However, the 
ground layer such as SIO2. polysiiicon (SI) or Al is 
etched because of fluorine (F) mixed in ttie first 
reactant gas. On the other hand, when ttie first 
reactnat gas Is used, tiie activation energy Is dras- 
tically reduced to a value of 0.1 eV from 0.52 eV 
which is the activation energy with only oxygen. 
Such large decrease of the activation energy Is due 
to the tetrafluoromediane, which was explained In 
the paper. J.J.Hannon and J.M.Cook, J. Etec- 
trochem. Soc.. Vol. 131. No. 6, pp 1164 (1984). 

A second reactant gas was a mixed gas of 
oxygen, and nitrogen (l^b), not containing fluorine 
(F), which did not etch the ground layer. The as- 
hing rale and the concentiration of oxygen atom in 
a down-fldwed gas were measured by varying the 
flow ratio of nitrogen to the second reactant gas as 
shown In Rg. 2; wherein, ttie concentration of oxy- 
gen atom, was measured by an actinometry meth- 
od. In tills case, the ashing temperature was 
200*C and the flow rate of the second reactant gas 
was 1000 Standard Cubic Centimeter per Minute 



(SCCM). In Rg. 2. white circles represent tiie con- 
centrations of oxygen atom, obtainrxJ from the 
spectral intensity ratio of the radiation from an 
oxygen atom (at a wavelength of 6158 A) to tiie 

5 radiation from an argon atom (at a wavelength of 
7087 A) and triangles represent the ooncentratiorts 
of the same oxygen atom, obtained from the spec- 
tral intensity ratio of the radiation from an oxygen 
atom (at a wave length of 4368 A) to the radiation 

10 from an argon atom (at a wavelength of 7067 A). 
Further, tiie values of these concentrations are nor- 
malized by a maximum of the values of the con- 
' centrations, positioned at about 10%. of the flow 
ratio of nitrogen to the second reactant gas. Mul- 

16 tiplicatipn signs represent the ashing rates to the 
flow ratio of nitrogen to* the second reactant gas: As 
can k>e seen from Rg. 2, the curve of ttie ashing 
rate and that of tiie the concentration of oxygen 
atom are coincided each other, which means that 

20 oxygen atoms are only ef^ctive in F^erfonmtng the 
ashing. Rg. 3 ^ows the Anftenius plot of the 
ashing rate when the second reactant gas contains 
90% of oxygen and 10% of nitrogen in. the flow 
ratio and ti)e Arrf^lus plot of the oxygen gas only. 

26 The ashing temperature Is denoted by T. The as- 
hing rate of ti^ second reactant gas is plotted by a 
circle and the ashing rate of the oxygen is plotted 
by a multiplication sign. The ashing rate with the 
second reactant gas Is about two times of that of 

30 oxygen only. The activation, energy of ashing in the 
case using a reactant gas is '^mply called the 
activation energy of the reactant gas. her^nafter. 
The activation energy (Ea) of the second reactive 
gas, and tiiat of the oxygen are equally 0.52 eV. 

35 That is, ttte activation energy does not change by 
nixing nitrogen. The ashing rate of tfie second 
reactive gas of 0.2 um/min at 160 * C is too small 
for practical use. In order to Increase tiie ashing 
rate. anoU>er kind of gas was needed. 

40 The third reactant gas was a mixed gas of 
oxygen and water vapor (H2O) which did not etch 
the ground layer. The ashing rate and concentra- 
tion of oxygen atom were measured by varying the 
flow ratios of water vapor to the third reactant gas 

45 as shown in Rg. 4. The measurements were per- 
formed under 180'C ashing temperature and 1000 
SCCM flow rate of tiie third reactant gas. Circles 
and multiplication signs in Rg.. 4 represent the 
same as In Rg. 2 respectively. When tt^ flow ratio 

50 of water vapor to the third reactant gas exceeds 
40%, the concentration of tiie oxygen atom de- 
creases with the Increase of the water vapor flow 
ratio. However, the ashing rate does not decrease 
so much as the decrease of the concentration of 

95 oxygen atom as seen in Rg. 4. This means that 
some active spedes except oxygen atoms are pos- 
sible to take part in the ashing. Rg. 5 compares the 
Arrhenius plot of the third reactant gas containing 
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60% of oxygen and 40% of water vapor and Ar- 
rhemus plot of the oxygen gas. The ashing rate of 
the thfrd reactant gas having 40% flow ratio of 
water vapor }s plotted by triangies and the ashing 
rate of the oxygen is plotted by muitip&cdtion 
signs. The activatton energy of the third reactive 
gas IS 0,39 which is about three quarter of the 
actlvatibn energy (0^ eV) of oxygen as shown in 
Flg« 6. Frg:. 6 shows the activation energy of the 
ashing in the case using the third reactant gas by 
varying ttie flow ratios of water vapor to the third 
reactant gas, by white circles. In Fig. 6, tfie activa- 
tion energy of ashing in the case using the mixed 
gas of oxygen and hydrogen by varying tiie flow 
ratio of hydrogen to the mixed gas is shown by 
solid circles, for ttie sake of comparison. It is seen 
in Rg. 6 that the activation energy is* easily re- 
duced by addlrig water vapor a llttia and the activa- 
tion energy is constant independentiy on the flow 
ratio of water vapor when the ftow ratio of water 
vapor exceects 5%« The activation energy of tfie 
second reactant gas is also indidated by a dot 
chain fine in Rg. 6 for the comparison with, tiie third 
reactant gas. it is seen from this comparison that 
ttie activation energy does not change by adding 
nitrogen to oxygen. The behavior similar to the 
mixed gas of oxygen and water vapor is seen fbr 
the mixed gas of oxygen and hydrogen. On the 
other hand, the ashing rata of the third reactant gas 
Is about bJ22 niinAnin at 160 *C. as seen iri Fig. 5. 
In conclusion, the value, of the ashing rate of ttie 
tfiird reactant gas is still too small for practical use. 

The fourth reactant gas is a mixed gas of 
oxygen, nitrogen and tetrafluorqmethane. The 
fourth readant gas is disclosed in the Japanese 
iald-open patent application, SHO 63-102232, titied 
"DRY ETCHING APPARATUS" by Mlkio Nonaka. 
When the flow ratio of tetrafluoromethane and nitror 
gen are in the range of 5 to 20% and 5 to 10% 
respectively, the large ratio of a rate of etching a 
positive r^Ist to a rate of etching ia. ground layer Is 
obtained without decreasing the ashing rate.- How- 
ever, the etching of. ground layer can not be avoid- 
ed occuning in this case. 

A mixed gas naade by adding as iittie as 0.2% 
of hydrogen to a mixed gas of oxygen, nitrogen 
and tetrafluoromethane is commerdally available 
from EMERGENT TECHNOLQIES CO. (Phoenix 
2320 NORD Photoresist Stripper). In this case, the 
hydrogen diluted by nitrogen Is added In order to 
Improve matching with microwave power. That is, 
the adding hydrogen to the mixed gas is not for 
reduction of the activation energy. 3b, ttie mixed 
gas is essentially the same as the first reactant 
gas. In fact, it is also known that the activation 
energy of tifie second reactant gas mixed with 
hydrogen does not decrease until up to 05% of 
hydn>gert. 



As seen from the description of the first, seo- 
ond, tiiird and fourth reactant gases, an ideal mixed 
gas, having a large ashing rate and small activation 
energy and never etching the ground layer, has not 
5 been found although much has been studied on 
new reactant gases. 

SUMMARY OF THE IIMVENTION 

10 Accordingly, an object of the present invention 
is to improve ttie ashing process for removing the 
orgarac film formed on tfw ground layer of tfte 
semiconductor device under fabrication, so that tlie 
asfiing rate increases, the activation energy de- 
is creases arKi the ground layer is never etched in 
the ashing process. 

The above obfect is achieved by applying a 
reactant gas composed of at least three kinds of 
gases to the ashing process. The reactant gas is 

20 separated, into two group mixed gases one (a first 
group gas) of which is composed of at. least oxy- 
gen and wator vapor and tiie ottier (a second group 
gas) of which is composed of at least oxygen and 
hydrogen. As well known, oxygen in each group 

25 gas Is a main gas for performing the ashing, how- 
ever water vapor in the first group gas and hy^ 
drogen In the second group gas are for mainly 
decreaang the activation energy, increasing tiie 
ashing rate and avoiding the ground layer being 

so etched in cooperation with another ^ird gas re- 
spectively added to ti^ first .group gas and tSne 
second group, gas. The third gas added to the .first 
group gas is hydrogen, nitrogen, nitrogen oxide or 
haioganide and thai added to tiie second group 

35 gas is water vapor, nitrogen, nitrogen oxide or 
haiogenlde. The haioganide Includes 
tetrafluoromettianeCCFi), chlorine(Cf2). nitrogen 
trif}uor!de(NF3). hexafluoroethane<C2F$) and 
trif]uorDmethane(CHF3)- The flow rate of the water 

40 vapor and the third gas of the first group gas and 
tiiat of the hydrogen and the third gas of the 
second group gas are controlled respectively. 

In the first group gas including the third gas of 
nitrogen, the water vapor added to oxygen has the 

45 same effect of that described in reference to Fig, 5, 
and the added nitrogen has the same effect of that 
described in reference to Fig. 3. However, in tiie 
first group gas including the third gas of nitrogen, 
these added water vapor and nHrqgen produce a 

so synergetic effect on increasing the ashing rate and 
decreeing tiie activation energy. That Is, H was 
simply assumed from Figs, 3 and 5 that the ashing 
rate of the first group gas including the third gas of 
nitrogen would Increase in the same way as the 

55 case of a gas only mixing oxygen and nitrogen and 
the activation energy of the first group gas includ* 
ing tiie third gas of nitrogen would decrease in. ttie 
same way as tiie. case of a gas only mixing oxygen 
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and water vapor. However, aclually. the ashing rate 
increases as much as two times of the assumed 
value from Rg. 3 ^ough the activation energy 
decreases to a value approximateiy same of the 
value assumed from Fig. 5. s 

The first group gas including the third gas of 
halogenide such as telrafiuoromethane is excellent 
as the reactant gas. Recently, halogenidid has not 
been used as the third gas In the fabrication of the 
LSi or the VLSI because of disadvantage that halo- fO 
gen easily , etches the ground layer. However, ac- 
cording to the experiment by the Inventors, it is 
found ttiat the first group gas including tfie third 
gas of halogenide does not etch the ground layer 
when the water vapor is Included in the reactant i6 
gas, suppSed by a flow ratio controlled so as to 
exceed a designated value. Because, the hatogen 
atoms react to the hydrogen atoms of tfie water 
.molecules. As ttie result, the action of the halogen 
is suppressed. Using tfie first group gas including 20 
the third gas of halogen as the reactant gas, the 
ashing rata becomes large and the activation en- 
ergy of the ashing rale becomeis small, corrtpafed 
with the first group gas including the third gas of 
nitrogen. 2s 

As the seicond group gas Including the third 
gas of nitrogen is discussed. According :to the 
experimmit by the !nvent(KS, the activation energy 
ts decreased to 0.44 eV from 0.52 eV by adding 
hydrogen of more ttian 3%: wherein 0.52 eV is tiie 30 
activation ianergy corresponding to the oxygen. 
Tfys is because of that the hydrogen acts to de- 
crease 0ie. activation energy. The ashing rate ol the 
- second group gas Including the third gas of nitro- 
gen is large as much as two or three times of that 35 
oi fha usual mixed gas of oxygen and nitrogen. 

These mixed gases, described above, of the 
first group gas including nitrogen as the third gas. 
the first group gas including hologenide as tiie thinJ 
gas and the second group gas have three advan- 40 
tages of ha^ng a large ashing rate, having small 
activation energy arid etchli^g no ground layer in 
the fabrication process of the LSI or the VLSK 

BFUEF DESCRIPTION OF THE DRAWINGS 4S 

Fig. 1 is a graph showing the variation of the 
ashing rate for resist in the case of using the 
reactant gas composed of Oz and CF«. with the 
flow ratio of CFi to the reactant gas. at 25*C so 
ashing temperature. 

Fig. 2 is a graph showing the variation of the 
ashing rate for resist In the case of using the 
reactant gas composed of O2 and Nz at 200 •C 
ashing temperature and the variation of the con- sis 
centratioh of oxygen atom In a down-flowed gas 
with the Row ratio of Na to the rerctant gas. 



Fig. 3 is a graph showing Arrhenius plots of the 
ashing rate for resist in the case of using the 
reactant gas composed of O2 having 90% flow 
ratio. N2 having 10% flow ratio and the reactant 
gas composed of oxygen. 

Fig. 4 is a graph showing the variation of the 
ashing rate in the case of using the reactant gas 
composed of O2 and H2O at 180* C ashing tem- 
peraturB and the variation of the concentration of 
oxygen atom in a down-flowed gas with the flow 
ratio of Had to the reactant gas. 

Fig. 5 rs a graph showing Arrfienius plots of the 
ashing rote for in the case of using the reactant gas 
. composed of O2 having 60% flow ratio, HzO having 
40% flow ratio and he reaciar^t gas composed of 
oxygenv 

f=ig. 6 is a graph sJiowing the variation 'of the 
activation energy of the ashing usAng the reactant 
gas composed of O3 and HzO with the flow ratio of 
h^O to the reactant gas. 

Rg. 7 is a schematical drawing of a vacuum 
chamber of a down-flow ashing app&ratus. 

Rg. 8 is a graph, representee ki Anrhenius 
plots, showing the ashing rates fbr resist in the 
case of using cfifferent kinds of reactant gases. 

Rg. 9 is a graph showing the variations of the 
ashing rate in the case of using tfie reactant gas 
composed of Oa. 'H2O and N2 at 180 *C and 
200 * C ashing temperature wiUi the flow ratio of th 
to the mixed gas of O2 and M2. whera the flow rate 
of HzO is kept in constant 

Fig. 10 is a graph showing variation^ of flie rate 
of etching SiOs layer at 15D*C and 25*C ashing 
temperature with flow ratio of H2C to the mixed 
gas, in the case of performing the plasnrta ashing 
using the reactant gas composed or O2, H2O and 
CF*. ' . 

.Rg* 11 is a graph showing the variations of the 
. ashing rata for resist in' the case of using the 
reactant gias composed of O2, H2O and CF4 at 
25 *C, 150* C . and 180*0 ashing temperature witii 
flow ratio of I^O to the readant gas. where 15% 
flow ratio of OF4 to the mixed gas of Qa-and CF4 is 
kept 

Fig. 12 is a graph showing Anrhenius plots of 
the ashing rate tor resist in the case of using the 
reactant gas composed of Oa, Hz and N2, the 
reactant gas composed of O2 and N2 and the 
ractant gas composed of oxygen. 

Rg. 13 is a graph showing the variations of the 
activation energy of the ashing using the reactant 
gas composed of O2 and H2O and the reactant gas 
composed of Oz and H2, with the flow ratio of H2O 
to the reiactant gas of O2 and H2O and vrith the 
flow ratio of H2 to the reactant g? i of Oz arKi H2 
• respectively. 
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DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

The plasma ashing methods of removing the 
resist using three kinds of reactant gases will be 
described as ttie embodiments of the present in- 
vention, Iri reference to Rgs. 8 to l£ The embodi- 
rr^nts are separated into three, a first* a second 
and a third embodiment^ }n accordance with the 
three kinds of the reactant gases. The plasma 
ashing are performed by a down fk>w ashing metfv 
od using a conventibnaf downstream microwave 
plasma resist stripper schematically shown In Fig. 
7. 

The Rrst Embodiment 

The first embodiment is the plasma ashing 
method using a reactant gas composed of O2, H2O 
and Hz- in ng. 7, the reactant gas composed of 
720 SCCM Q2. too SCCM hbO and 180 SCCM Na 
is supplied to an iniGaUy exhaustad vacuum dtam- 
ber 6 through a gas inlet 3, keeping the gas pros- 
sure in the vacuum ciiamber 8 at about OJB Torr. 
The flow rates of the gases of 02, H2O and ?^ are 
corrtroiled respectively by a controller, not depict^ 
ed,. before the gases flow into the vacuum chamt>ef 
6. Through a wave guide 1 and a window 2. micro- 
wave power of 2.46 GHz is supplied into a piasma 
generating chamber 4. Plasma is generated with 
the reactant gas in the piasma generating chamber 
4 and the charged particles in the plasnia are 
trapped by a shower plate 6. Then, only neutral 
active species, generated in the plasrna^ flow down 
to a process chamt)er 4' through the holee pro- 
vided in a showerhead plate 5 and touch a surfece 
of a resist 10 formed on a ground layer 9 of a 
sample wafer 8 placed on a stage 7 heated at 
140*0 by a heater not depicted. As a result, the 
resist 10 is ^hed until the surface of the ground 
layer 9 appears without etching any. part of the 
ground layer. Because tfie reacteant gas does not 
contain haksgen. the ground layer 9 Is never 
etched. 

The ashlnig rate In the case.of using the reac- 
tant gas composed of O2, H2O and Nz is shown by 
a line connecting white triangles in Rg. 8 repre- 
sented in Arrhentus plot. In Fig. 8, the ashing rates 
in the case of using other several kinds of reactant 
gases are also sliown in the same way.' for the 
sakB of comparison. That Is, the ashing rate In fte 
case of using the reactant gas composed of only 
Q2. mat of using the reactant gas composed of O2 
and H2O and that of using the reactant gas com- 
posed of 62 and N2 are shown by solid circle, solid 
triangle and white circle respectively. As seen in 
Fig. 8, the ashing rate in the case of using ttid 
reactant gas of Oa, H2O and N2 is larger than the 



ashing rate irr ttie cases of using the re :. Jtant gas 
composed of only pa, of Q2 and H2O, and of O2 
and N2. The. reactant gas composed of Oz, H2O 
and i^ has the ashing rate of 0.5 um/min at 

.5 160*C ashing temperature and the activation en- 
^rgy of 0.4 eV. For practicai use, the 0.5 am/min 
ashing rata is large enough and the 0.4 activar 
Uon energy is small enough. . Rg. 9 Jiows the 
variation of the ashing rate for the various flow 

10 ratios of f^ to the mixed gas of O2 and N2, at the 
ashing temperature of 180-0 and that of 200*0. 
keeping the flow rate of H2O in 100 SOCM and the 
total flow rate of O2 and N2 in 900 SCOM.. It can be 
seen In Fig. 9 that the. ashing rate in the case of 

15 UBsing the reactant gas cornposed of Qs, H2O and 
N2 is hardly .changied by varyirig the flow rate of 
nitrogen to the mixed gas of O2 arKi Ht wfien -the 
flow ratio is larger than 6%. Ttierefore, the reactant 
gas of mixing O2, H2O and Nz having the flow ratio* 

20 larger than 5% can be also used as the reactant 
gas for perfomning a precise ashing process. 

The flow rate of each component gas is set 
720 iSCCM. 100 SOOM and 180 SOOM for O2. H2O 
and Na. respectively* as a desirable example. How- 

2s ever f ksw rate of N2 Is not limited If the flow ratio of 
H2 to the mixed gas of O2 and t$ larger than 
5%, because the ashing - rate is constant regardless 
of the flow ratio wlien the ftow ratio exceeds 5% as 
seen in Fig, 9. The ttow rate of H2O is not Dmited if 

30 the ftow ratio of H2O to the mixed gas d Oz and 
1^0 Is larger than 1%. because the acthration 
energy is about 0.4 eV regardless of the flow ratio 
when VhB flow ratio eixceeds 1%, as seen in Fig. 6. 
In the first embodiment, NOk or Hz can be 

3S added to the mixed gas of O2 and 1^0 instead of 

The Second Bmbodiment 

40 . In the second embodiment, the reactant gas 
compbsed of O2, H2O and CF4 is used for the 
plasma ashing. The ashing is performed In the 
same way as described In the first embodiment 
The flow rates of O2, H2O and OF* are 730 SOCM, 

45 1^ SCCM and 120 SCCM, respectively. 

The disadvantage of etching the ground layer 
by using CFt can be avoided occurring when the 
fkiw ratio of H20 to the reactant gas is controlled 
so as to be larger than 10% as shown in Bg. 10. 

do Rg. 10 is a graph showing the etching ratie. at 
150*0 and 25*0 ashing tempeirature, of a ground 
layer made of SiOz. with the flow ratio of HjO to 
the reactarit gas, under a condition that the total 
flow rate of Oz, H2O and CF* is kept In 1000 

65 SCCM and the flow ratio of CF4 td th^ mixed gas 
of Oa + CF4. is kept in 15%. From F g. 10. It can 
be seen that when the flow ratio of H2O to the 
reactant gas eocceeds 10%. the etching rate of the 
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ground layer of S\Ch becomes 2ero. in other words, 
the ground iayer of Si02 is never etched. Thus* this 
10% of the HzO ratio is a very important percent- 
age to avoid the ground layer t>eing etched. In- 
ddentarty. when the H2O ratio to the leactant gas 
is 10%, it can be calcuiaidd fnnn the above con* 
dition in Frg. .10 that the flow ratios of Q2 arMj CF4 
to the reactant gas are 78.S% and 13.5% raspec^ 
lively. 

The ashing rate of the reactant gas composed 
of Ot\ H2O and CFi is shown by a line connecting 
reversed solid triangles. In Fig. 8. As shown in Rg* 
B, the ashing rate is the largest, compared with 
other . ashing rates in the cases of using other - 
readant gases. 

The ashing rate of the reactant gas composed 
of O2. 1^0 arrd CF4 was rneasured by varying the 
fiow ratio of H2O to the reactant gas at 25*C, 
150*C and 180*C ashing temperature resfsectfve- . 
ly. uncter a concfition that the total flow rate of C^, 
\izO and CF4 was leapt in 1000 SCCM the flow 
ratio of CF4 to the mixed gas of 02 and CF4 was 
kept in 15% . The results of the measurement are 
shown In Fig. 1 1 where it can be seen that when . 
the flow ratio of HzO to the reactant gas exceeds 
10%. the ashing rate Is constant and independent 
of flaw ratio of H2O to tfte reactant gas. 

The flow rate of each component gas is set 
730 SpCM, 150 8CCM and 120 SCCM for Q2, HzO 
and CF4. respectWely, as a desirable example;. 
However flow rate of H?0 is liot limitekl if the 
number of hydrogen atoms of hfeO is larger than 
the number of ftuorine atoms liberated from CFt. 
On the other hand, the flow ratio of H?0 to «ie 
mbced gas of Oz and hfeO must be larger than 1%. 
so that the activation energy of ashing In the case 
of using the reactant gas is about 0.4 eV regards 
less of the flow ratio, as seen In Fig. 6. 

In the secoifid embodiment. CF4 is used as a 
halogeriidel, however Cb. NF3, CzFs and CHF» can 
t)e used instead of CF4. 

' The Third^^bodSment 

The third emtx)diment is the plasma ashing 
method using a reactant gas composed of Oz.-Kb 
and N2. That is, the reactant gas composed of 720 
SCCM 02. 100 SCCM H2 and 180 SCCM is 
applied to .the dovm flow ashing process as de^ 
scribed In the first emtxxilment. 

In the case of using the reactant gas com- 
posed of Obt. H2 and N2, the ashing rate is shown 
by a line connectfrtg white squares in f^g. 12 
represented In Anrhenius plot, and the activation 
energy is shown with the flow rate of Ha to the 
reactant gas composed of O2. Hz and l^la in Rg. 
la. 



In Fig. 12. the ashing rata in tlie c^.sb of using 
a reactant gas composed of only O2 and that of 
using a ireactant gas composed of O2 and N2 are 
also shown by a line connecting muttipiicatlon 

5 sfgns arKi a line connected white circles respec- 
tively, for the sake of the comparison with the 
reactant gas composed of O2, Kb. and f^. In the 
case of usfng the reactant gas comp.;sed of O2, Ha 
and N2. the ashing rate Is about 0.7 ixmAnin at 

10 160 * C of ashing temperature as shown in Fig. 12, 
and the activation energy Is about 0.4 eV as shown 
in Fig. 13. 

In Rg. 13, it is found that the activation energy 
rapidly decreases to a value of approxinnately 0.4 
fs eV during the flow ratio is increased from 0% to 
approxtmateiy 5% ar>d kept constantly in the value 
more or iess than 0.4 eV in a region of . the ttow 
ratio beyond 5%. The plasma ashing is actually 
canried out in this constant region of the activation 
26 energy, in Fig. 13, It can be said that the char- 
acteristic of having* the ocmstant activation energy 
is very important tor perfbrming the plasma ashing 
. in stable and precisely. 

The flow rate of each component gas is set 
2S ' 720 SCCM, 100 SCCM and 180 SCCM for O2, Hz 
and N2, respectively, as a destral>le example. How- 
ever, the flow rate of Hs is not limited if the flow 
ratio of tiie H2 the reactant gas is larger than 3%. 
because the activation energy of ashing in the case 
30 using ttie reactant gas Is about o.4 eV regardless 
. of the flow ratio, as seen in Rg. 13. The flow rate of 
is not limited if ttie flow ratio of 142 to the mixed 
gas of O2 -and N2 is larger than 5%, because the 
ashing rate is constant regaidiess of the ficw ratio 
. 3S when the flow, ratio exceeds 5%, as seen in Fig. 9. 

In the third emt>odiment. tfie plasma asMng is 
performed by using, the reactant gas of O;, H2 and 
Kb. However, it was continnned that HaOt NQm or 
halogenide can be used instead of N2. 
4o ' The first, second and third embodiments de- 
scribed above are related to removing the resist 
film by plasma ashing, however the present inven- 
. tion can be applied to removing the organicr poly- 
mer filrh. 

45 Though the rctactant gases descritied In the 

first second an6 third embodiments are composed 
of ttvee kinds of gases, an inert gas such as He. 
* Ne or At can be added to the reactant gases up to 
7%. 

so 

Claims 

1. An ashing method for removing an orgariic 
material formed on a ground substance of a 
55 semiconductor device (8), said method com- 
prising the steps of: 

providing plasma :ashing means tor perfonnlng 
the removement of the' organic material by 
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using a reactant gas plasma; 
supplying a mixed gas consisting essentially of 
oxygen, hydrogen and an additionaJ gas to 
said plasma ashing means, thereby obtaining a 
reactant gas wrth which the plasma asNng is s 
performed In an ashing rata larger than and 
with activafion energy at most equal to those 
raspectiveiy In the case of using the reactant 
. gas composed of oxygen and hydrogen; 
generating plasma of the reactant gas for pro- ro 
dudng .active species of the reactant gas; and 
ramoving tfie organic material by using the 
active spedes* leaving the ground substance, 
charatertzad by further oomprlstng the 
step of IS 
controlling flow ratios of Uie oxygen, the hy- 
drogen and said add'rtional gas of said mixed 
gas for obtaining said readant gas. wherein 
said hydrogen is larger than 1 % of said mixed 
gas. so 

2. A method according to claim 1, 
characterized In that 

said ramoving step Is performed in down 
stream from the plasma. • . tts 



3. A method according to daims 1 or 2, 
characterized in that 

said additional is selected frarn a group 
consisting of nitrogen and nitrogen oxide. so 

4. A method according to daim 3» 
characterbml In that 

said flow ratios of the oxygen and said addh 
ttonal gas selected to the nitrogen of said ss 
mixed gas is controlled so that a flow ratio of 
the hydrogen to a gas composed of the oxy- 
gen, the hydrogen and the nitrogen Is set so 
as to t3e mcve tfian 3 % and a flow ratio of tfie 
nitrogen to a gas composed of the oxygen and 40 
the nitrogen is set so as to be more ttian 5 %. 

& A method according id daim 4. 

characterized by further comprising the 

step of ' 45 

sedng a ternperature of the organic material at 
higher than 140 ' C, so as to ot^n an ashing 
rate. larger than 0.5 um/mln. 

6. A method according to claims 1 or 2, so 
characterized In that 

$aid additional gas is sdeded from a 
halogenide group consisting of 
tetrafluoroniethane, chlorine. nitrogen 
trifluoride, hexaffuoroethane and ss 

trHluoromettiane. 
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